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A  COMPARATIVE  TBST  OF  IKTSCr RATING  WATTMETERS. 

The  subject  of  this  thesis  as  originally  outlined 
was  to  include  both  alternating  and  direct  current  Wattmeters 
but  owing  to  the  amoimt  of  ti^ne  required  for  getting  the 
necessary  apparatus  built  and  also  for  actual  work  on 
the  thesis,  the  test  of  alternating  current  wattmeters 
had  to  be  left  as  a  possible  subject  for  some  future 
thesis. 

In  making  tests  on  the  wattmeters,  our  object  has 
been  to  determine  the  variation  of  their  accuracy,  if 
any,  due  to  changes  of  temperature,  through  ranges,  from 
the  highest  boiler  room  temperatures  to  outdoor  temper- 
atures in  winter,  and  also  to  determine  the  the  cause 
of  these  variations,  and  to  note  any  permament  effects 
resulting  from  the  ci-anges  in  temperature. 

Th;;  tests  were  made  upon  four  well  known  makes 

of  meters  in  order  to  make  this  work  of  practical  value, 

» 
by  showing  the  defects  and  good  qualities  of  co"v:iercial 

instruments  when  subjected  to  a  large  range  of  temperature 

In  tlss  beginning  work  v/e  were  confronted,  first  of 

all  by  the  question  of  getting  the  meters  at  t:-ie  temperatures 

desired  for  test,  and  keeping  them  there  for"  a  length  of 

time  sufficient  for  complete  tests  to  be  made  on  each 


instruu-ient. 


For  the  higher  range  of  temperatures  we  used  for 
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this  purpose  a  large  asbsstos  lined  box  with  a  hinged  door 
as  shown  in  the  photograph.  Tlie  meters  were  olaced  as  in 
normal  operation  upon  vertical  board  which  was  in  such  po- 
sition that  the  meters  were  equally'-  distant  froai  the  front 
and  back  of  the  box. 

The  series  co'ls  of  the  wattmeters  v/ere  connected 
in  series  with  each  other  and  a  lamp  racl<  and  a  calibrated 
ammeter  to  a  storage  battery.  The  regulation  of  the  current 
was  mc'de  by  mer-ns  of  the  lamp  rack,  and  tlie  close  adjustment 
by  means  of  a  rheostat  in  series  with  a  lamp  and  in  paral- 
lel wi  '  h  t'^e  lamp  rack. 

The  pressure  co^ls  of  tha  matar-r;  wara  conne-tSA  in 
multiple  across  the  storage  battery.  Herniation  of  potential 
was  obtained  by  rae^ns  of  several  rheostats  in  series. 

Pour  electric  car  heaters,  of  the  wire  buried  in 
enamel  t/pe,  were  placed  in  the  bottoin  of  the  box,  and 
•wires  run  from  each  of  them  to  terminals  on  th a  outside 
ofthe  box. 

As  originally  planned,  it  was  decided  to  employ  some 
met'--od  for  automatically  keeping  tha  temperature  in  the 
box  constant  at  any  desired  po^'nt.  Tlie  idea  evolved  for 
this  purpose,  was  to  use  some  form  of  relay  to  open  and 
close  tlie  heater  circuit,  and  the  relay  itself  to  be 
operated  from  the  110  volt  mains,  when  the  circuit  was 


m 


clossd  by  means  of  a  pointer  end  dial  form  of  t-ermo-neter 
was  ^ncdFollowing  this  idea,  an  ordinary  telegraph  relay 
was  made  use  of,  by  attaching  to  the  lever  arm,  a  heavy 
U  shaped  piece  of  ecu  j  .^  vire  t>.e  ends  of  wh^-ch  moved  in 
and  out  of  two  mercury  cups.  In  testing  this  relav  with  the 
maximum  current  it  was  supposed  to  carry,  we  found  that  the 
wire  did  not  move  far  enough  out  of  the  cups,  to  break  the 
arc  formed  on  opening  th  3  .-irsr.it.  Inorder  to  remedy  this 
defect,  we  placed  transformer  oil  in  t-e  cups  upon  the 
mercury,  hopin-  it  would  break  the  arc,  but  though  par- 
tially successful,  this  relay  prooved  unsatisfactory. 

In  planning  a  rela;  which  v/ould  be  satisfy  ctor^ 
for  the  purpose,  it  was  decided  to  use  the  principle  of 
ti-.esolenoid.  .As  sho^Yn  in  -  the  blue  p:-int  of  rela/  detaUs, 
a  brass  tube  one  half  i-ch  in  liameter,  one  sixteen' h  inch 
thiol',  and  three  inches  long,  forms  the  shellupon  wh^ch 
double  cotton  co-ered  wire  #  3,1  a  ^c,   g'-uge  1~  T»oun^. 
firass  end  r^ieres  ove  quarter   in^h  thi---,  "om-lo'-o  ^,^-e 

bobbin,  e.nC.   aire  se 'O  to  f-s',en  -'r.e   con  u-m  t-e  ..^.-  -n^rc 

xiie  fecc'-i-rul^^  of  ,,i,^   oa;^  ^.,.3  .^^  brf-«r  binding  posts, 
placed  on  the  upper  part  of  the  base  board.  The  movable 
core  consists  of  a  pi3ce  of  soft  steal  turned  to  a  diameter 
which  allows  it  to  mo-e  easily  in  the  bras?  tube.  -^.Is  has 
a  turned  steel  collar  fitted  on  the  lo-wer  end  of  the  core 
held  in  place  b^  a  screw,  the  cpllar  serving  the  purpose 
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of  kseping  a   coil    spring  pressed  against   a  brass   disc.    This 
disc    is    loose  upon   t   e   core  and  presses   a~einst   a   smell  brass 
washer   screwed   to    t'^.e   lov.'er   end  of   the   rod   forT.ing   the   core. 
Two  heavy  brass   blocl's,    each  holding   tvro ,    qurrt^r   inch    carbons, 
are   solidly   fastened   to    the  horizontal   part   of   the   "L"    shaped 
base  board.    Y/hen  the  core   is  not   energi-^ed,    the  brass  plete 
rest  upon  the   tops   oP   tiie   carbons,    thtis  allowing-   the   current 
toflO'-Y  throu.g'-i    the  heaters. 

V/hen   the   circuit   ofhthe   coil    is    closed,    the   core   is   dra^'ni 
up,   and   ti:e  brass   plc-te    is  withdrawn  from   th  3   carbons,    thiis 
opening   t!  e  heater  circuit. 

Upon  first   trying   t-is    instru-nent  we   found   that  after 
heating  up,    the   coil   vres  unable   tolift  up    the   core,    to    remedy 
this   trouble,   '.-/-e  placed   a    "u"    shaped  piece   of  wrou-^v^t   iron  over 
the   coil.     ih'S    "u"    shaped  piece,   vrhich   proved  very   effective 
is   not   shO""n   in    the  blue  print,   but   can  b?  plainlv   seen   1n   the 
accompe-oying  p-^.otogrsph. 

For   closing   tlie   relay   circuit,    and   t>-us   opening   the 
heater   circuit  when    the   temperature   re-ched  s.  predeterm-ined 
value,   we   nade  use   of  e    dial   a-d  pointer    type   of   t^-ei-mr'Tie'rer. 
"onnection  was   made   on   ti:e   ce  s  3   of   the    instrument,    the   current 
goin~  from  there   to   the  po-^nter,   and   from   the  pointer   to   a 
movable  platinum  contact. 

The   failure   of   tliis   part   of   the  apparatus  was   due   to 


the  lar.^e  heat  holdin.;;  cspscit,'-  of  the  heaters.  The  heaters 
gave  off  heat  ver/  slowly  at  the -start,  causins;  the  therrao'Tieter 
pointer  to  move  slo'A'ly  up  to  the  contact  which  was  set  at  t'-^e 
desirsd  tempereture.  Upon  the  contact  bein-  iupde,  t^- 3  heater 
circuit  was  openad,  but  tiiO  temperature  still  continued  to 
rise  thirty  or  Tiore  degrees  above  this  point.  If  the  heaters 
had  been  made  of  fino  wires  strun~  on  an  open  framBwor]--,  it 
is  highly  probable  tt-at  very  accurate  regulation  could  have 
been  obtained  by  this  method. 

It  was  finally  decided  to  regulate  the  temperature  by 
.  hand,  and  as  the  box  holding  the  meters,  was  asbestos  lined, 
and  allowed  the  temperature  to  fall  but  ve .y  little  in  an 
hour,  we  found  this  method  very  satisfactory. 

In  beginning  our  tests,  vre   kept  the  pressure  constant 
at  110  volts,  the  temperature  constant  at  ?5. degrees  Centigrade, 
and  determined  bv  m.eens  of  a  stop  watcli  and  counter, the  number 
of  revolutions  of  the  meter  in  six  minu'es,  for  ranges  of  current 
from  zero  to  one  hundred  per  cent  load.  Trie   curves  thus  obtained, 
vary  for  t':e  different  wattm^tsrs,  and  will  be  discussed  later. 

In  order  to  have  a  complete  analysis  of  the  characteris- 
tics of  t^^. e  wattmeters,  we  kept  tlie  tem.p  "^rature  constant  at 
25  degrees  centigrade,  and  for  certain  val^ies  of  current  varied 
the  voltage  from  eightyfive  to  ona  hundred  and  tv/ent  .^  volts. 

From  t^-e  data  thus  obtained  we  plotted  curves,  v/it'  voltage 
on  one  axis  and  per  cent  accuracy  on  the  other.  As  one  of  the 


meters  tested,  the  Helsey,  is  of  e    t/pe   without  pressure  re<in^- 
lation  this  meter  was  excluded  fro.-r!  ':hB  above  test. 

The  first  of  the  above  tests  was  repeated  at  constant 
temperatures  ranging  from  twentr-five  to  eight,/  degrees  centigra.de. 
Lower  temperatures  were  not  obtained,  because  of  the  failure  at  a 
late  dft3  of  our  apparatus  for  that  purpose.  After  making  tests 
at  the  hi~--.er  tom.peratur:;s ,  we  r'p3ated  it  a',  thirt/  degrees 
centigrade  in  order  to  determine  wether  permanent  change  in 
accuracy  was  caused  by  too  high  temperatures,  the  results  of  this 
test  will  be  discussed  later. 

Tlie  wattmeters  tested  are  of  two  t.'pes,  the  first,  ofwhich 

the  Thomson  and  Duncan  are  representative,  consist  of  four  primary 

elements,  a  rotating  armature,  a  staticnarv  field,  a  metallic 

I 
damping  disc  fastened  to  t'-e  armature  s>aft,  and  passing  between 

the  jaws  of  permaaient  magnets,  and  a  registering  device,  the 

function  of  v/hich  is  to  integrade  the  instantaneous  values  of  the 

electrical  energy  passing  throiigh  t':e  ineter. 

The  element  causing  rotat-'on  is  the  motor  which  bein^ 

wit^:out  iron  in  i':.s  field  and  armature,  and  rotating  at  a  low 

speed,  ha.s  lit  Me  counter  electrcraotivB  force  -^erera'^ed.  Kor 

this  reason  its  armature  current  is  inde^oendTint  of  the  speed  of 

rotation,  end   is  dependent  upon   "he  potential  apnlie:"-  at  its 

■.--minals.  "vhe  torque  of  the  Totor  is  prooor'i onal  tot  e  ener-'- 

passing  through  i':s  coils.  wOw  in  order  to  make  tie  sr)eed  orrnor- 


tional    to    this   torque,    a   load   cr  drag   is   rpTjlled   the   strength 
of  i0;ioh   is   directly  proport-' one  1    to    t'ne   speed. 

xt    is   a.  v/ell    established    fact    t-iat   t    e   electroT^iotive 
force    induced   in  a   conductor  passing   throug"     a  field     v/hich 
remains   constant,    is   proport- onal    to    the  nuriber  of  lines   of 
flux   cut  per  unit    t^-ne.    AssuT.ing   tat   resista/'^ice   of   f'  e   con- 
duct" r  does   not   vary,    t'e   induced   electr^mot-^  ve   force  and    t    ere- 
fora   ti:e  drag  on   the   conductor   if   pr^nnrt~onal    to    the   speed. 
This    is    t:e  principle  used    in  producing   the   drac;   on   t'^e  arme- 
tiire   of    tne  mster.     ihe   f i  Bid   is   o':  twined  b7  p^r-^i.e-ent  horse- 
shoe magnets. 

The   dial    or   integrating  raechcnis-n,    cons^'s's   of  a    revolu- 
tion  coun   er   calibrated    in   kilcnvatt-hcurs.    Specif  icdete' Is   o^ 
the   different    ins '  ruTients  will    net   be   discussed  here,   as    these 
may   be   found   in   t    e   catalogues   of    ''^e  various   comprnies   Taking 
the  ni?t?rE. 

ihe   second    t/pe   o^"  meter   is    represented  by   t'-e  halsey 
meter,    t:-e  principle   of  -m'  icl-i    is    that   of  an  airsper^  hour  meter 
in  which   the  main   cu-rront  passes   through   a   metallic   disc   floated 
in  mercur',   and   rotating   in  the   f'eld   of  a  po-.verful   permament 
magnet.    The    Use    is    ceussd   to   rotate  by    the   current  which   tra- 
verses   it   radially   through   the   dense  magnetic   fi eld, passing 
in  and  out    trough   two   copper  lerd  wires  whic?i  are   immersed   in 
the  mercurv.    Thelargest  part   of  t^.e   current  passes    throxjgh   the 


disc  as  its  conductivit/  is  about  5."  ti-nes  that  of  mer- 
cur'/.  It  is  evident  that  the  current  will  develope  in  the 
disc  a  torque,  and  also  velocit-/,  in  direct  proportion  to 
itself,  as  the  speed  of  rotation  is  retarded  in  direct  nro-^crtm 
tion  to  the  current  by  Foucalt  or  eddy   currents  -enerated  in 
the  disc,  by  f-e  strong  field. 


Discussion  of  Results  and  Conclusions. 

In  order  to  be  certain  t".e-t  t'-ie  results  obtained  were  cor- 
rect, v/e  carefully  calibrated  the  amneter  and  voltmeter,  and  T)lot- 
ted  correction  curves  for  them.  From  these  from  these  curves  \'/3 
found  t^e  values  corresponding  to  the  values  we  ¥/ls'-ed  to  rise. 
Bythis  means  we  eliminated  the  errors  whlc'-  would  undorbtabl/ 
have  crept  in  i f  we  had  attempted  to  correct  the  data  after 
accumulating  it. 

The  curve  of  the  Duncan  meter,  shewing  the  effect  of  vari- 
ation of  current  with  constant  voltage  and  temperature,  starts 
at  abou.t  lOP  %   at  low  values  of  current  and  drops  to  eboutlOO  % 
at  Samperes  In  a  sllg'-t  curve.  From  here  to  15  am'oeres  thecurve 
apoears  tobe  naearl/  a  straight  line,  this  point  showing  about 
94  %   registered.  It  should  be  noted   In  tins  and  in  the  other 
curves  that  tiie  wattmeters  were  not  adjusted  to  give  correct 
readings  at  any  particular  Boint,  as  only  the  effects  on  the 
registration  of  varying  conditions  were  sought. 

The  Thomson  tvpe  "I.;"  curve,  hes  e  form,  directly  onposite 
to  t'r-.at  of  the  Duncan  meter  in  t'-et  it  registers  low  at  low 
values  of  the  current,  and  high  et  the  high  values. 

The  Thomson  type  """  is  from,  t  ree  tr-  fifteen  amperes 
nearly  a  straight  line,  sloping  from  100  t  to  "^  '':.. 

The  Halsey  curve  is  a  straight  line  sloping  from  ion  % 
to  P^  %   at  fifteen  amperes. 


•The  prsssure   cixrve?    of  all    of   the  wattmeters  have 
s    ^ensrel    slope   dovv-Avard  as    t-.e  volte 53    is    increased 
and   this    is   probably   due   to    increased  lee ]■  age. 

.The   curves   of   the   Duncan  ^eter,    showing    t'-e    effects 
of   temperature,    are  all    concave   dc^nward,    tis    curva- 
ture beccning  r.cre    -arl-.   for   the    lo-.-sr  values    of   current. 
Heat    causes   t'-e   resistance  of    the  pressi;:re   cc"l    of   the 
v/e ;-.  tmeter   to    increase,    t'  is   decreasing   f-e   flux  and 
causing   the      r.eter  to   run   slower.    'Hie   '^eating  of   the       ^ 
disc   causss    'ts   resistance   to    rise   also    ,    th\is   di^n-'n^'sh- 
ing   the   retarding   force,    and  having   the    effect   -^f 
speeding  up   tlie   meter,    The   shape   of   t^e   curve  ^vill 
depend  un-^^n   the   relative  nagnitudes   of   tl-ese   two 
effets  predominates. 

In   t've   Thomson   t '■■^e"'./''   meter   t-^e   curr-e      slopes 
xxoward     becoming   steeper  as   tlie   temperature    increases, 
and   the   effect   more  marled  as    the  current    js   diminished. 

The   curves   of   t^^e   Tliomsor   type    "C"    meter   show  the 
same   general    characteristics      as   those   of   the    type   "!v;" 
meter,   but    the   effects      are     ver/  much   less   pronounced 
a.nd  at    ordinarf   te -peratures   run   on  a   prac'-.i  cally 
horizontal   part   6f   t]:.e   cup\?e. 

The  Ilalsey   meter  ao-a'^n   shov/s    the   same    ~ene."al    form 
of   curve   as   t -e   Duncan  meteE,    :■  ;t    the   curve   is   verv 


much  flattsr   than   that   of   the   Duncan  raster. 

Th9   damping  discs   of   tha   Duncan  and   type    "C"    Tho  -son 
aluminum 
v/attmstsrs   are  made   of  ko^^sk,    while    those   of   the  Raise-/ 

and   t7pe    "Iv':"    Thonison  meters   are  made   of   copper.    Tliis    shoe's 
that    the   difference    "in   t    e   shapes   of   t'  e   curves    is   not 
due   to    the  rr.ateriels   of   t^ie   discs   alone.    Since   t>^e   construc- 
t'.rn  of   trie   t/pe"M"   and   that   of     he   Duncan  m.eters   are 
V3ry   similar,   we   may   say   that  while   the  materials  used 
in   t-.e   dampin-  discs   and   the   design  of   t'le   current   car- 
ryin.:^  par-^.s  undoubtabl/   effect   the  me-nitude   of   the  vari- 
ation,it    is   my   opinion   t':at   the   shape   cf   the   ■^urve    is 
chiefly   effected  by   the    iron  of   t}ie   dampin-  ma-^nets. 
}^owever  as   we  had   no   means   of   verify inr;   this  we  must    51  ve   it 
as  an  opni'nonl/. 


Calibration  cf  "/eston  Voltmster  #   4320    (   0    150    ) 


TRUE 

VOLTS 

VOL 

rViET^R  READING 

85 

86 

90 

91 

95 

9S 

IQO 

101 

10  5 

106 

110 

111 

115 

116 

120 

121 

Calibration  of  VJeston  Ammeter  -#   4O8R    (0    15) 


TRUE  a;< 

iP'ZlRES 

a:v:;...eter  reading 

1 

1 

2 

2.01 

3 

3.02 

4 

4.02 

5 

5.04 

6 

6.O0 

7 

7.0fi 

6 

^.OQ 

9 

9.09 

10 

10.09 

11 

11.0° 

12 

12.09 

13 

13.1 

14 

14.2 

15 

15.2 

Duncan  Integrating  Wattmetsr. 

Data  snowing  the  affect  of  c  :ange  cS   cur-ent  at  nor'^.al  voltage. 

Pot3ntial  =  110  volts- 
CURREN"'  Tsmporature  =25  de^^rees  C. 

CURR^^K'':' 

1 

2 
3 


7 

8 

9 

10 

11 

12 

13 
14 
15 


V/ATTHOURS 

WATTIIOURS 

t 

r,:i:A£URSD 

r^gisti:r^d 

R3:gi2t:;r3D 

110 

120.3 

109.3 

220 

22? .  2 

101. 

330 

336.  P 

102.   , 

440 

444.5 

100.7 

550 

548 . 5 

99.7 

ry^o 

0-S.5 

9^.9 

770 

757.5 

9  *"' .  4 

880 

^.i<^. 

9^.6 

990 

9i^7. 

97.5 

1100 

10d5. 

Oi"^  .9 

1210 

II0O.5 

9S. 

1320 

12nP. 

96 

1430 

13o.^. 

95. f^ 

1540 

1442. 

93.'^ 

lo50 

13.U. 

94.7 

Duncan  Intgrating  V/attmeter, 

Data,  showing  the  effect  of  change  of  voltage  at  150  %   load 
Current  =  l'>  amperes. 
Temperature  -■   !?5  degrees  C. 


OLTAG^ 

WATTHOURS 

?/A' 

'THOURS 

t 

'       tvIEAEURED 

R?J 

alSTIilRSD 

r:]GI£ter^d 

r5 

1275 

1251 

98.1 

90 

1350 

1310 

97. 

P5 

1425 

1383 

97.1 

100 

1500 

1442 

9(^.1 

105 

1575 

1495 

94.9 

110 

13  50 

15oo 

94.  n 

115 

1725 

1621 

9  3.9 

120 

1800 

10  G  9 

92.6 

::::b»»3: 


m\ 


SS! 


ilii 


Duncan  Intsgrat^ ng  V/attmster. 
Data  showing  *}:e  effect  of  c'-.ango  if  voltage  at  125  "^  load. 
Current  =  12,5  ampex^es 
Temperature  =  25  degrees  C. 


VOLT  AG  :C 

Y/AT^ICURS 

WA 

rTH0U7.S 

% 

la3ASU:^;^D 

r:]] 

JI'-T^^R^D 

REGISTHR^D 

85 

1032.5 

1045 

92.4 

90 

1125. 

109B. 

97.8 

95 

1127.5 

1103 

92.1 

100 

12  50-. 

1209 

96,9 

10  5 

1312.5 

12.'?  7 

9-  .o 

110 

1375. 

1318 

9  5,8 

115 

1437.5 

137  5 

95.8 

120 

15Q0 

1420 

94.8 

^p^iiii 

H^p 

iisRds^sgisrSppfsfifl^si^alll 

HHUE 

ilP^ 

ijgggS^^ggH;?                 'I3 

^^^^S 

Ifl^ 

■ 

^■B 

^^HjIpj 

I^B^BBfe 

Jii^i 

RBBsii^isHs 

13 

■BBpjg 

BBsiSlpHsuai: 

igjj^P 

^^^^^^E 

.s^^H 

r 


Duncan  Integrating  V/att.T.eter. 

Data  sho'.ving  t'le  effect  of  change  cf  voltage  at  100  %   load. 
Current  =  10  amperes 
'  Temperature  =  ^'z   degrees  C. 
VOLT  AC-:: 


85 
90 
95 
100 
10  5 
110 
115 
120 


WA'^THOURS 
MEASURED 

WATTHOURS 
REGISTERED 

REGISTERED 

'^'SO 

S40  . 

98.9 

900 

881 

97.9 

950 

925.5 

97.4 

1000 

9-9.5 

9o.9  5 

10  50 

101^. 

97. 

1100 

10.^.5. 

9n.9 

1150  ■. 

1097. 

95.5 

1200 

115? 

9". 9 

Dunean  Integrating  '"attmeter. 

Data  showing  t-~s  effect  of  change  of  voltage  at  7'"^  tload. 
Current  =7.5  amp-erec 
Temperature  =  25  degrees  C. 


LTAGE 

WATTHOURS 

i,:E;,  sur::d 

Y/A^'^HOUP 

rigist::^? 

3 
ED 

REGISTERED 

P5 

r.37.5 

8  35. 

99.5 

90 

675. 

on  2, 

9P.1 

95 

712.5' 

699. 

OP, 

100 

7  30. 

7  35.5 

P°.l 

10^5 

7^-7.5 

7-32.5 

97. 

110 

P25. 

795. f 

PS.  5 

115 

PS2.5 

833. 

9e.e> 

120 

900. 

859. 

0'^,± 

o^ 


Duncan  Integrating  Wattmeter. 

Data  sho'.Ting  the  effect  of  change  of  voltage  at  50  ^load. 
Current  =  3  amperes 
Temperature  =  25  degrees  G. 


OLTAGE 

v;atthours 

ivIEASURj^D 

watthours 
register3:d 

<7 

REGISTERED 

85 

425 

425.5 

100 . 1 

90 

450 

445. 

99.1 

95 

475 

470  . 5 

99.1 

100 

500 

497. 

99.4 

105 

525 

51m.  5 

9S.5 

110 

550 

541. 

9'^  .4 

115 

575 

5n3.5 

97.9 

120 

600 

5S4. 

97.3 

^y 


3(5 


Duncan  Integrating  VJattmeter. 

)ata  s^'Owing  the  effect  of  change  of  voltage  at  25  %   load. 
Current  =  2.5  amperes 
Tempsrature  =  25  degrees  C. 


VOLT AGS 

^MTTKOURS 

WATTHOURS 

<jf 

M5ASUR-^D 

RSGIS-TERED 

REGISTERED 

85 

212.5 

214.7 

101. 

90 

225. 

224.8 

op  .9 

95 

237.5 

233.8 

99.=^ 

100 

250. 

247.7 

op  .1 

10  5 

2o2.5 

2>v0  . 

99. 

110 

27  5. 

272.4 

^'9.1 

115 

2P7 . 5 

2^^  3. 

^-^.Q 

120 

300. 

293. 

97.7 

IjjjIH 

liBB^tessSiss 

■I 

3^ 


Duncan  Inta^rating  Wattirieter. 

Data  showing  V\e   effect  of  changa  of  temperature  at  150  '^  load 
Potential  =  110  volts 
Current  =  15  amperes, 

TEIvl^ERATURS 

28 
52 
71 

83 


WATTIIOURS 
MEASURi^D 

WATTIICURS 
■    REGTS'^ERED 

% 
REGISTERED 

13  50 

1530 

P4.5 

lo50 

15  SO 

9S. 

1650 

lo55 

100 .  g 

1850 

In  30 

pc,o 

T 
!53 


^v,^-,:-    •-■    :■":--•■-■•, 


Duncan   Integrating   vVattmeter. 
Data   shov/ing   the   effect   of   c^^ange   of   terap3rature  at   1P5   %  load 
Potential  =110   volts 
Curi  er  t  =   12.5  amperes 


51 


WATTHOURS 

IIEASURJIL 

1375 

1375 

137  5 

1375 

WATTHOar 

IS 

% 

REGISTERED 

REGIS-I^ERED 

15-^^5 

P7.3 

1345 

9R. 

1345 

P-'^. 

1310 

95.5 

Duncan  Integ.-ating  V/attmeter. 

Data  showing  the  effect  of  change  of  temperpture  at  100    %   load. 
Potential  =  110  volts 
Current  =  1")  a-nperes. 


'el;per/^^ure 

v;a^'^iiqurs 

•::A^mrnjRS 

e? 

i.-.EA  CURED 

REGISTERED 

REGISTERED 

28.5 

1100 

10  o  9 

97  ^  o 

50. 

1100 

1081 

P8.5 

72.8 

1100 

10o5 

97. 

PI. 

1100 

10  52 

9  ."■" .  P 

?   V..A^:<..VVA- 


L-  - 

r 

r 

r 

1 

__, 1   ■_ 

1 

~-A-_ 

— -;---    -;-^— 

Li: 

1 

X 
0 

z 

3 
3 

Duncan  Intscratin;:::  Wattmeter. 


Data  showing  the  effect  of  cliangs  of  temperature  8t7o  %   load 
Potential  =110  volts 
Current  =  7.5  amperes. 


3RATURE 

WAmOURS 

jeasur:i]D 

V/A'^THOU; 

R:]]aisTi:! 

REGISTERED 

2?. 

S25 

S20 

PP.3 

'--1. 

R?5 

C— iT 

100. 

70.° 

825 

'■■  30 

ioa.5 

'..- 

825 

7P2 

Q.--,  . 

Duncan   Integrati--:g  V/attraeter. 

Data   showing   fee   effect   of   change  of   temperc ture  at   50    %  load. 
Potential  =    110   volts 
Current  =   5  amperes. 


^TIP^IRA^'UI 


::EASu:::i:D 

.  WA' 

R3 

r^EOURS 

:tstered 

550 

540 

530 

550 

550 

n^4- 

550 

532 

R^GIST-iJRED 


30 

-0  530  550  100. 

70  550  5^4-  1^0.7 


Duncan  Integrating  Wattmeter. 

Data  shewing  the  effect  of  chano;e  of  t3mp3ratiir3  at  2^'  "^  loa( 
Po'sntial  =  110  vclts 
Current  =2.5  amperes. 


30 


71 


.  attkoijrs 
!v:i:asur3D 

WAT-T-EOURS 
REGTS^^ERHD 

RI^G-^S^ERED 

275 

270  . 1 

pp.  4 

275 

2P4. 

103.2 

27  5 

27  "  .  9 

100.1 

275 

2G3 

op;,  ,p 

u  i 


Tho;nson-rcii£ton  T/oo   "r;,"    Intssrratins  'Ve.' 


iQzev, 


Data  sho^-ing  f-s   effect  of  change  of  current  at  nornel  voltage, 
Potential  =  110  volts 
Temperature  =  25  degrees. 


gu:-l:;3kt 

WATTHOURS 

WATTKOURE 

cf 

yiEP  SUR^D 

R^GISTER-^D 

R^GIS^Si 

1 

110 

79. 

71.8 

2 

220 

240.  o 

1 10  . 9 

3 

330 

38R.1 

117.5 

4 

140 

524. 

119. 

5 

^50 

■^  27 . 5 

122. 

r, 

oi^O 

804.5 

121.7 

7 

770 

96  2.5 

125.5 

r 

P^O 

1103. 

125.5 

C 

990 

1251. 

12S.3 

10 

1100 

139-^'. 

127. 

11 

1210 

15^5.1 

127,7 

12 

1320 

lo97. 

128.  ~ 

13 

1430 

1«28. 

128. 

14 

1540 

19^6. 

129 . 

15 

In  50 

21  ^o. 

128.9 

'Itiomson-TIouston   Type   ":,""    Intogreting  V/attrneter. 

Data   shov/ing   the   effect   of   chan,g3   of  volte -^e  at   150    'i^  load. 
Current  =   13  a-fr.peres 
Tempers  ture  =r:5   degrees    0. 

85 


95 
100 
10  5 
110 
115 
120 


?;atthours 

WA' 

T7H0URS 

% 

v!b:asur:]D 

R3 

SISTERED 

R-ZQlE^TiiED 

1275 

1722 

135.1 

1350 

1^14 

13-1-.4 

1425 

]_npp 

133. 

1500 

1909 

1-33.1 

157  5 

20  0  4 

131.5 

lo50 

2155 

130.8 

1725 

22  34 

129. 0 

leoo 

2311 

129.4 

Tho:r.son-Houston  Type  "'.."  Intsgrat'ng  Wattmeter. 

Data  showing  the  effect  of  changing  of  voltage  at  125  %   load. 

Current  =  12.5  a.-irperes 

Temperature  =  15  decrees  C. 
VOLTAGE 


85 
90 

100 
10  5 
110 
115 
120 


WATTHOURS 
M3ASURED 

WATTHOURS 
RSGIS^^ERED 

% 
REGTS^ER^ 

10(12.5 

1-i^^'l 

13^.2 

1125. 

152P 

13n.- 

11  "'^.5 

15P4 

134.3 

1250. 

lo8  9 

133.5 

1312.5 

1720 

131. 

1575. 

17  oR 

12«.5 

1437.5 

1«3" 

127.8 

1500. 

1003 

1^5.- 

'■.^onson-Houstcn   7yps   "ivl"    Integrating  V/attinster. 

Data   shelving   t,- s   sffect   cf   ciange   of  \'cltag8  at    100    %  load, 
Current  =10  amperas 
Tsmpsratiire  =   25   dsgrses    C. 

VCLTAC-:: 


85 

90 
95 
100 
10  T 
110 
115 
120 


wattviou 
;;;tasurt 

RE 

WA' 

:-T£-ERED 

RSGISTTR' 

-50 

imp 

1 30  .  3 

POO 

1170 

130. 

9^0 

1223 

lOQ^  P 

100  T 

]_OQQ 

I'^s.a 

10.^0 

loil 

127.^ 

1100 

140  2 

127.5 

1150 

1447 

125.9 

1200 

1499 

124.9 

i'i 


Thomson-Houston  Intsgratin-  Wattmeter. 

Data  showing  the  effect  of  change  of  voltage  at  75  %   load. 
Current  =  7.5  amperes 
Temperature  -   P.5  degrees  C. 


VOLTAGE 

WAT^HOURS 

KATTHOURS 

% 

MEASURED 

REGIS-^ERSD 

REGISTERED 

85 

637.5 

POl. 

125.5 

90 

37  5. 

842. 

124.9 

\ 

95 

712.5 

P^-5.5 

124.2 

100 

750. 

925. 

123.^ 

10  5 

7^7.5 

o  t3  9 . 

123. 

110 

825. 

100  3. 

121.7 

115 

°62.5 

1043. 

121. 

120 

900. 

10^5. 

120.5 

{i 


J 


Thomson-Housl-on  Typo  "Ivi"  Integrating  'A'attmetsr. 

Data  showing  the  effett  of  change  of  voltage  at  50  !t  load. 
Curr'ent  =  5  amperes 
Temp  era  ttire  =  25  degrees  C. 

VOLTAGE 


85 
90 
95 
100 
10  5 
110 
115 
120 


WA'^'^HOURS 

WA 

rTHCURS 

ef 

MSASUR' 

:d 

RE 

:-ISTExRED 

REGISTE^.ED 

425 

524.5 

123.2 

450 

553.5 

123. 

47  5 

576. 

121.4 

500 

60  2. 

1"'0.2 

525 

in  25. 

119.9  • 

550 

647.5 

117.9 

575 

678. 

117.7 

60  0 

697. 

llo.l 

^ 


m 


% 


Thomson-Houston  Type  "IJ"  Integrating  V.'attmeter. 

Data  shov/ing  the  effect  of  change  cf  voltage  at  25  '^  load. 
Current  =  2.5  amperes 
Temperature  =  25  degress  C. 

70LTAGS 


^5 
90 
95 
100 
105 
110 
115 
120 


WATTHCURS 
;vSASURTD 

R" 

'.TTHOUP.S 

R3:g-ist^.r- 

212.5 

240. 

11^.4 

225. 

2oG.7 

11^.5 

237.5 

27]..l 

115.- 

250. 

2P7  . 9 

115.1 

2-2.5 

301.5 

114. P 

275. 

307. 

113.7 

287.  5 

320.  P 

111.8 

300. 

337.-^ 

112.5 

\ 


Thonison-  Houston  Type  "M"  IntGr;rating  '.vattmeter. 

Data  showing  the  effect  of  change  of  temperpihure  at  IFjO  %   load. 
Potential  -  110  volts 
Current  =15  amperes. 


'3f^p:<:R^ 

.TURE 

V/ATTHOURS 
LiEASU*?^D 

R": 

.■Z^THCURS 

:gis'"er^d 

R" 

egi?^"::r^d 

OQ 

lo50 

21  ^>1 

130.5 

^2 

1G50 

opoj 

13-. 

72 

lf!.'->0 

23-^^ 

143.3 

RQ 

lo50 

2398 

14r.. 

mrmr  ^^  m  r  tr  i-v. 


Thomson-Kouston  Trpe    "I;;"    integrating  V/attmster. 

Data   showing   tna   effect   of   change   of   te-nperature  at   1"5   "^  lopd. 
Potent^'al  =110   v--lts 
Current  =    12.5  a-^peres. 


Eia'ZRA\ 

URE 

WATTHOUR 
ISASURED 

28. 

1375 

51. 

1375 

72.5 

1375 

^1.5 

1375 

WAT^iOURS 
REGISTERED 

REGIS^i-ERED 

17  BO 

12P.4 

1R5P 

135. 

IP  50 

141.  o 

1PP5 

145.2 

1 

1 

^ii'-i 

1 

B^^^^^^l 

1 

■ 

^^^^^^^^^^1 

^^^^^^^^^^^^^^^H 

^^^^^^^^^^^^^^^H 

^^^^^^^^^^^^H 

1 

1 

■ 

^^^^^H 

I 

■ 

B^^^^H 

11 

1 

^^^^^^^H 

^^^^^^^I^^^^^^^H 

1 

^^^^^^^B^^H 

■^ 

l^la^^l 

I 

1 

1 

1 

H^^^^^^l 

^^^^^n^H 

^^^^^^^^^^^K^^^l 

1 

1 

B 

^^H^^l 

H 

1 

1 

I 

^H 

1 

1 

1 

1 

1 

B^^M 

■■ 

khI^^^^I 

■ 

1 

I 

l^^^^j^H 

1 

1 

^^^^^^^KgNn^^^H 

^^^^^S^K^H 

^^^H^^l 

I 

■■ 

^^^^^^^K^^l^^^^l 

^^■H 

1 

■ 

■ 

^^^1 

1 

^^^1 

1 

^H 

1 

1 

1 

1 

1 

Thomson-Hous' en  T/pe  ":,'"  Intsgrating  ".'att  •■o'r.er. 

Data  showing  the  effect  of  .change  of  t8iTir)erature  s\     'O'"^  '"'  load. 
Potential  =110  voltr 
Current  =  10  amoares. 


^MP^RA':^U^ 

3 

\YATmOUR£ 

WAT-"HOUR£ 

'^ 

^^SA£U:,3D 

R:^GISTEriED 

R 

:gistered 

30. 

1100 

1423 

Ifl-P.O 

■iP  . 

•  1100 

1500 

1 3n  ,  ~ 

7-. 

1100 

1-5P      ■ 

141.  P 

?1. 


Tliomson-Houston  Type  ":':"  Integrating  Wattmeter. 

i;   Date  sho?r5n5  the  ef-fect  of  change  of  temperature  at  75  ;t  load. 
Potential  =  110  volts 
Current  =  7.5  amperes. 
T3;iP^R/'  TURE 


Y/ATTHOURS 
iv:EASUR^D 

V/ATTHOURS 
•RvOTSTER^D 

R 

825 

10:35 

1*^° . 

825 

1110 

134.^ 

825 

11.15 

lil.-'' 

825 

1211 

147. 

Thomson-HouEton  Ty'pe   "./i"    Intejratin'^  '.Tattmster. 

iffect   of   Changs   rftemx 

Potential  =   110   volts 

Current  =   5  amperes. 

TSMP^RA^URi:                  WATTKOURS                      WATTHOURS  % 

IviEASURZD                          REC-IST-3RSD  REGISTu^R^D 

29.5                                  550                                       r,70.5  1^.3.3 

49.5                                  550                                       72<^.5  132.2 

70.                                     550                                       7^7.  137.5 

81.                                     550                                       '^lo.-i  147.5 


l-f 


Thomson-Houston  Tvpe  "R"  Integrating  V^'attmeter. 


Data  showing  the  effect  of  change  of  temperature  at  ?5  %   load. 


TEMP3RATUR:: 

30. 
4P. 
70  . 5 
^■1. 


Potential  =  110  volts 
Current  =  2.j  amperes. 


WATTHOURS 
f/lSASURED 

y;a?thours 
r:3Gist3R^.d 

27  5 

311.      . 

113. 

27  o 

341.7 

124.2 

275 

350. 

127.5 

275 

401. 

148. 

'93 


Thorason-noustcn  "^ype  "6"  integratino;  V;attmet,er. 


Data  showing  the  effect  of  change  cfccurrent  st  normal  voltage. 
Potential  =  110  volts 
Tempereture  =  25  degrees  C. 


1 

2 
3 

4 
5 
6 
7 
8 

Q 

10 

11 

12 
13 
14 
15 


'ATTIIOURS 

V'ATTHOURS 

«/ 

.i]ASURED 

REGISTERED 

REGISTERED 

110 

10  3.3 

93.9 

220 

217.2 

9-  .7 

330 

333.3 

100.1 

440 

140.9 

100.2 

550 

549. 

9C.8 

6o0 

C-  o  2 . '" 

100.4 

770 

7v^5. 

99.4 

880 

?7o. 

99 ,  ~ 

9P0 

'■^^4.4 

99  .4 

1100 

10P3.2 

QO.  5 

1210 

1202. 

99.6 

1320 

1314. 

99. G 

1430 

1415.8 

CO  . 

1540 

1509.8 

92.1 

18  50   - 

1527. 

gp  .f; 

'V 


Thoinson-Kouston  Type  "C"  Integrating  V.'attneter. 

Data  sljowing  the  effect  of  change  of  voltsge  at  150  %   load. 
Current  =15  amperes 
Temperature  =  25  degrees  C, 


voltag: 


V/ATTHOURS 

v:atthours 

;,:3Aeuri:d 

R3GIst2Ri:d 

1271 

12^1 

1350 

1547 

1125 

1437 

1500 

1489 

1575 

1550 

In  50 

1^27 

1725 

1709 

1800 

176  3 

R'^C-IET^R'ZB 


QO     o 


85  1271  12^1  100.5 

90  1350  1347  99.8. 

95  1125  1437  100.8 

100 

105  1575  1550  9P.5 

110 

115 

120 


r 


«*,«  -■^,  -^  '  ;// ' 


Thomson-Houston  Type  "C"  Intsgrating  '.Vattmeter. 

Data  showing  the  effect  of  change  of  voltage  at  125  "t  loed. 
Current  =12.5  a^nperes 
Temperature  ~   35  degrees  C. 

VCLTAGE 


90 
95 
100 
10  5 
110 
115 
120 


WATTHOURS 
MSAEURIID 

VTAT'i'HOURS 

10o2.5 

1072. 

100.9 

1125. 

1123. 

9P.9 

11^7.5 

1122.4 

9^  ,9 

1250. 

1237.6 

go  .2 

1112.5- 

1297. 

9  ^^.7 

1375. 

1 160  . 

QO, 

1437.5 

140  2. 

=7.8 

1500. 

lir.9. 

9°. 

''^tS*^«^r!Ss^if«:^Sr^fe:^ft»4l 


i-*'"-Cyr>C«t^. 


Ji^jsaSi^-aS^^ 


7  9 


^ 


Thorason-roiiSton  "yps   "C"    integrating  V.'attraeter. 

shcvr.ng   tV.e   effect   of   change   cf  voltage  at   100    %  load. 
Current  =   10  a-nperss 
Temperature  =    -To   degrees    C. 


83 
90 
95 
100 
10^ 
110 
115 
120 


ATTIIOURS 

VJATTHOURS 

cf 

^AtHR 

ZD 

R1]GIST3RED 

R^GIS"^.RED 

P50 

950.2 

100. 

900 

900.4 

100. 

9  50 

912. 

9  P .  2 

1000 

9^S.l 

Qo^.p 

1050 

1025.e 

97  .9 

1100 

10S9.5 

99. 

1150 

1121. 

97.  A 

1200 

115^. P 

'^  o  .  o 

Tl-iorason-Mouston  T/ps  "G"  Integrating  Y.'attmster. 

Data  showing  the  effect  of  chang3  cf  voltage  at  75  %   load. 
Current  =  7.5  amperes 
Temperature  =  25  degrees  C. 

VOLT AG 5 


85 
90 
95 
100 
105 
110 
115 
120 


WATTHOURS 

watt;:  OURS 

c^ 

IviEASUR:]:D 

R^GI STORED 

R^GI:--EREB 

017.5 

63^.6 

99.4 

o7i. 

(^72. 4 

99.0 

712.5 

r.9o.4 

97  .9 

750. 

7  10. 

99,  - 

7-7.5 

772. 

9-^.3 

^^25. 

P20. 

99.4 

'='62.5 

P32.8 

9<^.f5 

900 

^■70  .  3 

9C-  ,S 
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Thcmson-HouEton  T^pe   "C"    Integrating  7'attmetsr. 

Data   s-iO'/V'ing   the    effect   of   change   of  voltage  at    50    'i  load. 
Current  =    5  aniperes 
Temperature  -    25  degrees   C, 

/OLTAGE 


95 
90 
95 
100 
10  n 
110 
115 
120 


V/ATTHOURS 
:wEASURED 

WATTHOURS 
RSGIS?^R.1]D 

% 

425 

'iOB.P 

95.9 

450 

;35.6 

96.9 

471 

4o0  . « 

97.1 

500 

504.4 

100.5 

525 

51fi.^ 

9  =  .6 

550 

549.  2 

9Q  .9 

575 

576.8 

100.1 

60  n 

57  P. 

95.3 

^i 


f^ 


Thomson-Houston  T/pe  "C"  Integrating  Wattmeter. 

Data  showing  ths  effect  of  change  of  voltage  at  25  %   load. 
Current  -  2.5  amperes 
Temperature  =  25  degrees  C. 

V0LTAG3 


85 
90 
95 
100 
10  5 
110 
115 
120 


WATTKCURS 

WA^THOURS 

% 

i^lEASURED 

RZGI£TEri^C 

REG- 1  ST  i] 

212.5 

210.1 

*    9  ^' .  7 

225. 

222. 

^^^.7 

237.^5 

232.1 

Q7  ,p 

250. 

243.9 

97.8 

2B2.5 

256 . 1 

97.8 

275. 

272. o 

99. 2 

2P7 . 5 

2^0.4 

97.7 

300. 

289.2 

98.5 

Thomson-Hoiiston  Tvpe   *'C"    Intsgrating  V.'attmeter. 

Jata   showing  the   sffoct   of   chan~8   of   temperature  at   150    't  load. 
Potential  =    110   volts 
Current  =15  arnTDeres. 


Till.iP^^RATUR^ 


52 

71 
^4 


V.'ATTIIOURS 

■VA'^THOURS 

.'a 

liEASURED 

REGI£T^R-3D 

REGTSTEREl 

1G50 

lo36 

PP.3 

13  50 

1625 

99. (^ 

16  50 

16  P' 5 

10  2.1 

lo50 

170  3 

103.3 

l/'^cf-:^  ;:.i 


1^ 


Thomson-HouEtcn  Tvpe  "C"  Integrs.tiriP  Wattmeter. 


Data  shov/ing  the  effect  of  chan~e  of  temperature  at  125  "^  load. 

Potential  =  110  volts 

Current  =  12,5  amperes. 
TSMPilRATURS 


29, 

51, 
72, 
82, 


WATTHOaRS 

Y/ATTHOURS 

% 

MSASURED 

R5G I  STORED 

R3GISTER1]D 

1375 

13fi7 

OQ.fi 

1375 

1390 

101.1 

1375 

140° 

10  2.5 

1375 

14^04 

10  2. 

f, 


'?f 


Thorason-Eouston  Type  "C"  Intsgrating  V.'attmeter. 

Data  sho-7ing  the  effect  of  Chang 3  of  temperature  at  100  '^  load. 
Potential  =  110  vclfes 
Current  =  10  amperes. 


TElviPERATURS 

V/ATTIiOUR 

MEASURED 

29. 

1100 

•    50. 

1100 

72.8 

1100 

81. 

1100 

V/ATTIICURS 

^ 

REGISTZR:i]D 

R 

HGIST-^R-^ 

10  PI 

PP.5 

1102 

100.2 

111-- 

101.5 

1129 

102.7 

fj 


Thomson-Houston  Typs  "C"  Integrating  Wattmeter. 

Data  shov/ing  the  effect  of  c>^.ange  of  temperature  at  75  /b  load. 

Potential-  110  vplts 

Current  -"  7.5  amperes. 
T3:,'IP^RATU?lE 


30 
50 
71 


^;;atthours 

IvlSASURSD 

V/ATTHOURS 
RICGISTERICD 

REGISTERED 

925 

820 

oo,  5 

825 

^36 

101.3 

P?,5 

853 

103.3 

825 

P49 

102. f^ 

p|Ei±:rE=te 

is 
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1 
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j^ 
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Thomson-Houston  Type  "C"  Integrating  '.'/attraeter. 

Data  showing  the  effeot  of  change  cf  temperature  at  50  ?^  load. 

Potential  =  110  volts 

Current  =   5  amperes. 
TSIviPERATURE 


30 
50 
70 
81 


Y/ATTHCURS 
l;iEASURED 

WATTIinURS 
REGISTERED 

REGISTERED 

550 

550 

100. 

550 

566 

10  2.^ 

550 

556 

101. 

550 

560 

101.6 

Thomson-HoiastonType  "C"  Integrating  Tattmeter. 

Data  shov/lng  ti-.e  effect  of  change  of  tempere.ture  8.t  25  %   loac 

Potential  =  110  volts 

Current  =  S.5  amperes 
Tn;i,'.PERATUIlE 

30. 
48. 

70.5 
81. 


v;attiiours 

^TATTH^'URS 

c^ 

M^ASUR^D 

REGIST^.R2D 

RE 

;g"''st'^R!i:d 

275 

264. 

96.1 

275 

2.^^5.5 

Cn.6 

27  5 

2o6. 

96.9 

275 

274. 

99.6 

m 
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Kalsoy   Int3p;ratin3  V/attmeter. 
Data   showing   tha   afr3ct.   of   c'hang3   ^^f   ciirren-    at  nonial    volta 
Potsntisl   =   110   volts 
Temperaturs  =   25  def^rees   C. 
CURRENT 


10 
11 
12 
13 
14 
15 


V/AT"HOURG 
V3AGURED 

ftATTHOURG 
R^aiS'T'^RjD 

% 
.."CG-IS'^ERED 

110 

87.8 

7p  ^  P 

220 

17  8. 

^■0.1 

330 

2r.3. 

79. 7 

4iO 

352. 

«0. 

5"0 

421.5 

7°.P 

noO 

526.5 

79.-' 

770 

30  ^ .  5 

79. 

■=P0 

69^', 7 

79.3 

990 

7^2.3 

79. 

1100 

2S0  . 4 

7 '- .  5 

1210 

9'"1. 

7Q.5 

1320 

10  3-  . 

7^^.. 3 

1430 

1111. 

77.^ 

15'i0 

1207. 

7 -.5 

liv^O 

12P6. 

70  ^ 

.m}^ 


M 


kik: 


„_J^ 

ES3aJ^^^^^^^|i|, 

Halsey  Intsgrating  Wattmeter. 

Data   shov/in^   tlie   effect   of   cnanQ;e   of   temperature  st    I'^O    ^  load. 
Potential   =   110   volts 
Current  =15  amoeres. 


TE>/iP:^RATUR^ 

W/iT'mOURS 
MEASURED 

WATTHOURS 
RECtISTERED     ■ 

REGISTERED 

29. 

1530 

1P90 

121.0 

45. 

15o0 

1Q31 

123.° 

54.5 

1580 

1942 

124.4 

BO.  3 

i5.:.o 

1P4Q 

124.9 

o7. 

l5r,o 

1970 

12B.2 

A^ 


/c« 


Halse.7  Integrating  Wattmeter. 


Data  shovrlng  the  effect  of  change  of  temperature  at  125  %   load. 
Potential  =  110  volts 
Current  =  12.5  amperes. 


Ti:i,1Pl]:^ATUR3    ^ATTHCURS 
MEASUR3:D 


29 . 

45. 

53.^ 

61. 

n8. 


1375 
137  5 
1375 
137  5 
1375 


WAT'^H^'URS 

r^&ts'"i:red 

R^GTS"^3R^D 

1815 

117.3 

IS  32 

IIP.  5 

lt1<U 

121. 

•       In  58 

120.5 

1680 

122.1 

Halsey  integratln-  Wattmeter. 

Data   shelving   ths   effect   of   chpnge  of   ts-n.persture  at    I'^O    %  loed. 

Potent^. rl  =   110   volts 

Current  =  10  amp9res. 
?3mPSR^TURE 


29. 

45. 

d1.2 

o8. 


WAT'^HCURS 

WA' 

T^"KCURS 

% 

fvlEASURED 

REGIST'^i^^D 

regis-^ri:d 

1100 

1320 

120. 

1100 

134P 

122. B 

1100 

13^-0 

122.  °- 

1100 

1350 

122.  c 

1100 

1349 

122.5 

m<]m. 


,w  v.. 


1 


Halse'/  Integra  ting  V/attTneter. 


Data  showing  t'- e  eff3ct  of  change  nf  temperature  at  75  %  losd. 
Potential  -  110  volts 
Current  =  7."  amperes. 

t3:mp^.rature 


30. 

4r;.8 

50. 
57. 
60. 


^ATTHODRS 
/i^ASUR^D 

WATTHOURS 
R-IIGISTTR^D 

R4:C-I£'^^R^D 

825 

1011 

123. 

825 

10  39 

125.  P' 

825 

10  3P 

125.8 

825 

1040 

125.9 

825 

1041 

126. 

iSis'sfej 


mm 


Hals37    ints5-ratin'-T  Vvattmeter. 


Data   shov/ing   the    sffsct   of   c]ian~s  of   tsmperFtui^e  et    '9   "^  loac 

Potential  -    110   volts 

Current  =      .  "^  amperes. 
TEMPERA  ^^URU 


30. 

45.8 
50.? 
80. 


V/:TTH0UR8 

WAT-'mOURS 

rt' 

.^iEASURJlD 

REGISTERED 

REGISTERED 

550 

SPo 

124.5 

550 

717 

1.30 

550 

720 

130.7 

550 

724 

131.4 

550 

725 

131. P 

i,'3 


Hals97  Integrating  ;V3.ttmeter. 


Data  showing  the  effect  of  change  cf  teinperature  e: 
Potential  =  110  volts 
Current  =  'l."^   amperes. 

Ti::APZRATUR^ 


30 
45 
51 
59 
p7 


lead. 


WATTHOURS 
MEASURED 

WA^^'^HCURS 
R^GIS'^^RED 

R 

% 
^GIS'^^R'^D 

27  5 

558 

130. 

27  5 

3B9 

134.1 

27  5 

372 

13"->.2 

275 

380 

13^.1 

.  27  5 

3^7 

140.7 

p?Trffe.: 
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